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Synthesis of the Protected Octadecapeptide corresponding to the
Amino Acid Sequence [14—31] of Human p-Endorphin®
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For the synthesis of human f-endorphin, the C-terminal protected octadecapeptide
ester, Z(OMe)-Leu-Val-Thr-Leu-Phe-Lys(Z)~Asn—-Ala—Tle-Ile-Lys(Z)-Asn—Ala~Tyr—
Lys(Z)—-Lys(Z)—GlY~G1u(Ole)—Ole, was synthesized by successive azide condensation of
six peptide fragments; (position 14—15), (16—19), (20—21), (22—23), (24—26) and
(27—31).

Keywords endorphin; p-lipotropin; enkephalin; conventional synthesis of
human -endorphin (14—31); methanesulfonic acid procedure; hydrolysis of Ile-Ile with
3~ Tos-OH - ' o

Since the existence of an endogeneous ligand in the brain which acts as an agonist at opiate
receptor sites has been pointed out by several investigators,® the peptide nature of such mor-
phin-like factors was first characterized by Hughes ef al.9 in 1975 in the term of enkephalin;
H-Tyr-Gly-Gly-Phe-Met-OH and H-Tyr-Gly-Gly-Phe-Leu-OH. It was soon realized that
the former Met-enkephalin is present as residues 61 to 65 in f-lipotropin isolated from various
mammalian pituitary glands; sheep,® pig® and man.” Thus the possibility was pointed out
that g-lipotropin may be the precursor of enkephalin and/or other pituitary peptides with
morphin-like activity, termed as endorphin or endogeneous opioid peptides. Subsequently
the untriacontapeptide (8-lipotropin 61—91) isolated by Li ef al.® from camel pituitary gland
was found to possess significant opiate activity and was designated as f-endorphin. Its amino
acid sequence was shown to be identical with that of the C-terminal 31 amino acids of ovine
pB-lipotropin. The respective peptide from human pituitary (human f-lipotropin 61—91) was
next characterized.? In addition, Guillemin et a2.19 isolated from porcine pituitary, two other

1) Amino acids, peptides and their derivatives mentioned in this paper are of the L-configuration. Abbrevia-
tions used are those recommended by IUPAC-IUB Commission on Biochemical Nomenclature: Biockem.,
5, 2485 (1966); ibid., 6, 362 (1967); ibid., 11,1726, (1972). Z=benzyloxycarbonyl, Z(OMe) =p-methoxy-
benzyloxycarbonyl, Bzl=benzyl, DCC=dicyclohexylcarbodiimide, HOBT= 1-hydroxybenzotriazole,
TCP=2,4,5-trichlorophenyl, PCP=pentachlorophenyl, TFA=trifluoroacetic acid, DMF=dimethyl-
formamide, MSA =methanesulfonic acid, DMSO=dimethylsulfoxide, NP = p-nitrophenyl.
Location: a) Minamifunabori-cho, Edogawa-ku, Tokyo, 132, Japan; b) Sakyo-ku, Kyoto, 606, Japan.
3) A. Goldstein, L.I. Lowney, and B.K. Pal, Proc. Natl. Acad. Sci., U.S.4., 68, 1742 (1971); B.M. Cox, K.E.
Opheim, H. Terschemacher, and A. Goldstein, Life Sciences, 16, 1777 (197 5); L. Terenius, Acta Pharmacol.
Toxicol., 32, 317 (1973); C.B. Pert and S.H. Snyder, Proc. Natl. Acad. Sci. U.S.4.,70,2243 (1973); G.W.
Pasternak, R. Goodman, and S.H. Snyder, Life Sciences, 16, 1765 (1975); E.T. Simon, J.M. Hiller, and I.
Edelman, Proc. Natl. Acad. Sci. U.S.A., 70, 1947 (1973); L. Terenius and A. Wahlstrém, Acta Physiol.
Scand., 94, 74 (1975); J. Hughes, Brain Res., 88, 295 (1975).
4) J. Hughes, T.W. Smith, H.W. Kosterilitz, L.A. Fothergill, B.A. Morgan, and H.R. Morris, Nature
(London), 258, 577 (1977).
5) C.H. Li, L. Barnafi, M. Chrétien, and D. Chung, Nature (Londonj, 208, 1093 (1965).
6) L. Graf, E. Barit, G. Cseh, and M. Sajgo, Biochim. Biophys. Acta, 229, 276 (1971).
7) G. Cseh, E. Barit, A. Patthy, and L. Graf, FEBS Leit., 21, 344 (1972).
8) C.H. Liand D. Chung, Proc. Natl. Acad. Sci. U.S.4.,73, 1145 (1976).
9) C.H. Li, D. Chung, and B.A. Doneen, Biochem. Biophys. Res. Comm., 72, 1542 (1976); N. Dragon, N.G.
Seidah, M. Lis, R. Routhler, and M. Chrétien, Can. J. Biochem., 55, 666 (1977).
10) N. Ling, R. Burgus, and R. Guillemin, Proc. Natl. Acad. Sci., 73, 3942 (1976).
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peptides, as well as porcine type f-endorphin;'? the one called a-endorphin (f-lipotropin 61—
76) and the other y-endorphin (f-lipotropin 61—77). p-Endorphin from ovine and bovine
origins was also characterized by Chrétien ef al.*® and Li ef al.'® respectively.

Solid phase synthesis of ovine f-endorphin was first reported by Li ef a/.}% in 1976 and
porcine « and y-endorphin by Ling.'® = The same method was also applied to the synthesis
of human p-endorphin by Li e .19 in 1977. In the consecutive two papers, we wish to
report the synthesis of the untriacontapeptide corresponding to the entire amino acid
sequence of human g-endorphin, which was performed in a conventional manner. The
C-terminal portion of human S-lipotropin (position 40—91) was sequenced by Cseh et al.”
in 1972 and it was shown that as far as the sequence from 61 to 91 is concerned, human
p-endorphin has a tyrosine residue at position 27 and a glutamic acid residue at the C-termi-
nal 31, instead of histidine and glutamine in ovine g-endorphin respectively.

In our synthesis, as illustrated in Fig. 1, amino acid derivatives bearing protecting groups
removable by MSA'” was employed; 4.e., Lys(Z) and Glu(OBzl). The sulphur atom of
methionine was protected as the sulfoxide to prevent alkylation during the final deprotection
by the MSA-anisole system.'® As building blocks, nine peptide fragments were selected. In
the first paper, the synthesis of the octadecapeptide resulted in the successive azide'® conden-
sation of six peptide fragments was described.

IX = Z(OMe)-Tyr-Gly-Gly—Phe-Met(O)-NHNH,

VIII  Z(OMe)-Thr-Ser-Glu(OBzl)-Lys(Z)-NHNH,

)
VII Z{OMe)=Ser—Gln—Thr-Pro-OH

VI Z(OMe)-Leu—Val-NHNH -
v Z(0OMe)-Thr-Leu-Phe-Lys(Z)-NHNH,— ——>Z(OMe)-Leu~Val-Thr-Leu-Phe-
IV Z(OMe)-Asn-Ala-NHNH, Z Z _
Lys—Asn-Ala—Tle—Ile—Lys—
I Z(OMe)- ; 7
i [
I Z{OMe)-Lys(Z)-Asn—Ala~-NHNHy— |— Asn—Ala~-Tyr—Lys-Lys-Gly—
I 7(OMe)-Tyr—Lys(Z)-Lys(Z)- — 0Bzl
Glu-OBzl1
Gly-Glu(OBzl) ,—

l

H-Tyr-Gly-Gly-Phe-Met-Thr-Ser—Glu-Lys—Ser—Gln-Thr-Pro-Leu-Val-Thr-Leu—
Phe-Lys—Asn—Ala-Ile-Ile-Lys—Asn—Ala-Tyr-Lys-Lys-Gly-Glu—-OH

TFig. 1. Synthetic Route to Human f-Endorphin
The C-terminal protected pentapeptide, Z(OMe)-Tyr-Lys(Z)-Lys(Z)-Gly-Glu(OBzl)-OBzl

(I), was synthesized according to the scheme illustrated in Fig. 2. Considering the DCC
condensation?® of the Pro-terminal peptide fragment (VII) in the latter step, the carboxyl

11) A.F. Bradbury, D.G. Smyth, and C.R. Snell, Biockem. Biophys. Res. Comm., 69, 950 (1976).
12) N.G. Seidah, N. Dragon, S. Benjannet, R. Routhier, and M. Chrétien, Biockem. Biophys. Res. Comm.,
74, 1528 (1977).
) C.H. Li, L, Tan, and D. Chung, Biochem. Biophys. Res. Comm., 77, 1088 (1977).
) C.H. Li, S. Lemaire, D. Yamashiro, and B.A. Doneen, Btochem Bzophys Res. Comm., 71, 19 (1976)
) N. Ling, Biochem. Biophys. Res. Comm., 74, 248 (1977). :
) C.H. Li, D. Yamashiro, L.F. Tseng, andHH Loh, J. Med. Chem., 20, 325 (1977).
17) H. Yajima, Y. Kiso, H. Ogawa, N. Fujii, and H. Irie, Chem. thm Bull. (Tokyo), 23, 1164 (1975)
) H. Irie, N. Fujii, H. Ogawa, H. Yajima, M. Fujino, a,nd S. Shinagawa, J.C.S. Chem. Comn., 1976, 922,
) J. Honzl and J. Rudinger, Coll. Czech. Chem. Comm., 26, 2333 (1961). .
) J.C. Sheehan and G.P. Hess, J. Am. Chem. Soc., 77, 1067 (1955).
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P

Tyr Lys Lys Gly Glu
7(0Me )—-0H H-OMe Z(OMe)l-ONP  H-—OBul
7Z(OMe) DEC___ | OMe Z(OMe) NP 0Bzl
Z(OMe) NH.NH, NHNH. H L OBzl
Z(OMe) azide | g,
Z(OMe)—-NHNH, H TFA OBzl
Z(OMe) : azide OBzl

Fig. 2. Synthetic Scheme of the Protected Pentapeptide Ester (I).
Z(OMe)-(B-endorphin 27—31)-0OBzl

functions of the C-terminal glutamic acid were protected as the dibenzyl esters. The p-nitro-
phenyl ester procedure®” was employed to prepare Z(OMe)-Gly-Glu(OBzl)-OBzl, from which
the a-amino protecting group, Z(OMe), was removed by the usual TFA treatment.?® The
deprotected dipeptide ester was then condensed with the known dipeptide hydrazide, Z(OMe)-
Lys(Z)-Lys(Z)-NHNH,,?» by the Rudinger’s azide procedure!® to give the protected tetra-
peptide ester, Z(OMe)-Lys(Z)-Lys(Z)-Gly-Glu(OBzl)-OBzl. Next, the same azide procedure
was applied to introduce Z(OMe)-Tyr-NHNH, and the desired pentapeptide ester (I) was
purified by batchwise washing with 109, citric acid and water followed by precipitation
from DMF with ethyl acetate. Such batchwise washing and precipitation procedures were
employed for purification of protected peptides throughout this synthesis, when crude pro-
ducts were obtained as a powder by trituration with ether or ethyl acetate.

Next, the protected tripeptide
hydrazide, Z(OMe)-Lys(Z)-Asn-Ala-

Z

| NHNH, (II), was prepared starting
Lys Asn Ala with the known dipeptide, Z(OMe)-
Z(OMe)——ONP H——0OMe Asn-Ala-OMe,?® which after «-
N NP M deprotection by TFA, was allowed
Z(OMe) TFA OMe to condense with Z(OMe)-Lys(Z)-
Z(OMe)——OTCP H OMe OH by the trichlorophenyl ester
7(0Me) TCP OMe procedure%’. as sh9wn -in Fig. 3.
The resulting tripeptide ester,

\ NH.NH,
Z(OMe) NHNH. Z(OMe)-Lys(Z)-Asn-Ala-OMe, was
Fig. 3. Synthetic Scheme of the Protected Tripeptide converted as usual to the corre-
Hydrazide (II). Z(OMe)-(f-endorphin 24—26)-NHNH, sponding hydrazide (II). Though

this hydrazide is a small peptide
derivative, it required precipitation from DMSO, instead of DMF, for purification, because

of its poor solubility.
The next two fragments, Z(OMe)-Ile-Ile-NHNH, (III)2® and Z(OMe)-Asn-Ala-NHNH,
(IV)2" are the known compounds. It seems interesting to note that the above mentioned

21) M. Bodanszky and V. du Vigneaud, J. Am. Chem. Soc., 81, 5688 (1959).

22) F. Weygand and K. Hunger, Chem. Ber., 95, 1 (1962).

23) H. Yajima, K. Koyama, Y. Kiso, A. Tanaka, and M. Nakamura, Chem. Pharm. Bull. (Tokyo), 24, 492
(1976).

24) Y. Kiso, Y. Kai, and H. Yajima, Chem. Phaym. Bull. (Tokyo), 21, 2507 (1973).

25) J. Pless and R.A. Boissonnas, Helv. Chim. Acta, 46, 1625 (1963).

26) N. Fujii and H. Yajima, “Peptide Chemistry 1976,” ed. by T. Nakajima, Protein Res. Found., p. 77
(pub. 1977).

27} H. Yajima, Y. Okada, H. Watanabe, and Y. Kiso, Chem. Phavm. Bull. (Tokyo), 22, 1067 (1974).
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tripeptide unit, Lys-Asn-Ala, occurs twice in the C-terminal portion of mammalian -endorphin
so far known. At this stage, the dipeptide hydrazide, Z(OMe)-Asn-Ala-NHNH,, was selectéd
as a fragment considering the future synthesis of é-endorphin,?® which is terminated at posi-
tion 19. Thus the lysine residue at the 20 position was incorporated as the C-terminus into
the next fragment, Z(OMe)-Thr-Leu-Phe-Lys(Z)-NHNH, (V). This protected tetrapeptide
hydrazide was synthesized in a stepwise manner starting with H-Lys(Z)-OBzl as shwon in
Fig. 4. The p-nitrophenyl ester procedure was employed for introduction of the phenyl-
alanine residue and the pentachlorophenyl ester procedure? for the leucine residue respec-
tively. In the latter step, HOBT3® was used as an accelerant for the coupling reaction. The
threonine residue was introduced by the Rudinger’s azide procedure. The resulting tetra-
peptide ester, Z(OMe)-Thr-Leu-Phe-Lys(Z)-OBzl, was subsequently converted to the corre-
sponding hydrazide (V) as usual.

7
Thr Leu Phe iys
Z.(OMe)——ONP H——0Bzl
Z(0Me) NP OBzl
Z(0Me)——OPCP  H TFA OBl
7(OMe) PCP OBzl
Z(OMe)——NHNH, H TEA 0Bzl
Z(OMe) azide | 0Bal
Z(OMe) NH, NH, NHNH,

Fig. 4. Synthetic Scheme of the Protected Tetrapeptide Hydrazide (V).
Z(OMe)-(f-endorphin 16—19)-NHNH,

The fragment, Z(OMe)-Leu-Val-NHNH, (VI), was synthesized as usual by the DCC
condensation procedure followed by the hydrazine treatment. Somewhat prolonged exposure
to hydrazine was required to convert the methyl ester, Z(OMe)-Leu-Val-OMe, quantitatively
to the hydrazide (VI), because of the steric hindrance of the valine residue.

Six fragments thus obtained were then assembled according to the scheme illustrated
in Fig. 1. The azide procedure was employed exclusively using the excess acyl components
(1.5 equiv. each in most instances). Hydrolysis of peptides containing sterically hindered
Ile-Tle residue with 3 n p-toluenesulfonic acid (22 hours)3" gave poor recovery of isoleucine.
Satisfactory recovery was obtained, when hydrolysis was performed with 6~ hydrochloric
acid at 110° for 72 hours. As reaction solvents, DMF or DMSO-DMF was employed depending
upon the solubility of the intermediates, which decreased progressively with increasing chain
length. The protected products, including the protected octadecapeptide ester, Z(OMe)-Leu-
Val-Thr-Leu-Phe-Lys(Z)-Asn-Ala-Ile-Ile-Lys(Z)-Asn-Ala-Tyr-Lys(Z)-Lys-(Z)-Gly-Glu(OBzl)-
OBzl, were purified by batchwise washing as mentioned above followed by precipitation from
appropriate solvents, such as DMF or DMSO with ethyl acetate or methanol and their purities
were assessed by three criteria; thin layer chromatography, elemental analysis and acid
hydrolysis. The protected octadecapeptide ester thus obtained served as an amino compo-
nent for the synthesis of human g-endorphin, which will be described in the succeeding paper.

L. Graf, J.I. Szekely, A.Z. Ronai, Z.D. Kovacs, and S. Bajusz, Nature (London), 263, 240 (1976).
. Kovacs, M.Q. Ceprini, C.A. Dupray, and G.N. Schmit, J. Org. Chem., 32, 3696 (1967).

V. Koénig and R. Geiger, Chem. Ber., 103, 788 (1970).

.Y. Liu and Y.H. Chang, J. Biol. Chem., 246, 2842 (1971).
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Experimental

Melting points are uncorrected. Rotations were determined with a Union digital polarimeter PM-101.
The amino acid compositions of acid hydrolysates were determined with Hitachi amino acid analyzer Model
KLA-5 and values are uncorrected for amino acid destruction. = Solvents were freshly distilled and evapora-
tions were carried out iz vacuo at a bath temperature of 40—50°. Thin-layer chromatography was performed
on silicagel (Kieselgel G, Merck). Rf values refer to the following solvent systems: Rf; CHCl,-MeOH-H,0
(8:3:1), Rf, CHCl,-MeOH—-AcOH (95: 5: 3).

Z(0OMe)-Gly-Glu(OBzl)-0Bzl 7(OMe)-Gly-ONP (9.37 g) was added to a solution of H-Glu(OBzl)~
OBzl (prepared from 15.07 g of the tosylate with 4.04 ml of EtN) in DMF (70 ml) and the mixture was stirred
at room temperature for 24 hr. The solvent was evaporated and the residue was dissolved in AcOEt. The
extract was washed with 5%, citric acid, 5% Na,COj, and H,0-NaCl, dried over Na,SO, and then evaporated.
The residue was triturated with ether and recrystallized from AcOEt and ether; yield 11.21 g (79%); mp
65—67°, [0]% —15.1° (c=0.4, MeOH), Rf, 0.61. Anal. Calcd. for CgoHyoN,O4: C, 65.68; H, 5.88; N, 5.11.
Tound: C, 65.77; H, 5.88; N, 5.04.

Z(0Me)-Lys(Z)-Lys(Z)-Gly-Glu(0Bzl)~-0Bzl 7(OMe)-Gly—Glu(OBz1)-OBzl (21.94 g) was treated with
TFA (30 ml)-anisole (9.5 ml) in an ice-bath for 60 min and the excess TFA was removed by evaporation.
Treatment of the residue with n-hexane gave an oily precipitate, which after drying over KOH pellets in
vacuo for 4 hr, was dissolved in DMF (15 ml) and Et,N (11 ml) was added. To this ice-chilled solutiom,
the azide (prepared from 14.42 g of Z(OMe)-Lys(Z)-Lys(Z)-NHNH,*) with 11.6 ml of 3.79 v HCI-DMF,
3 ml of isoamylnitrite and 9.2 ml of Et;N) in DMF (65 ml) was added and the mixture was stirred at 4° for
48 hr. The solvent was evaporated and the residue was treated with H,0. The resulting powder was
washed batchwisely with 5% citric acid and H,O and then precipitated from DMF with AcOEt; yield
13.90 g (65%), mp 120—121°, [«]} —6.9° (¢=0.5, DMF), Rf, 0.66. Anal. Caled. for CygHggNgOq,-1/2H,0:
C, 64.37; H, 6.43; N, 7.77. Found: C, 64.24; H, 6.32; N, 8.12.

Z(0Me)-Tyr-Lys(Z)-Lys(Z)-Gly-Glu(0Bzl)-0Bzl (I) The above tetrapeptide ester (13.50 g) was treated
with TFA (15 ml)-anisole (5.4 ml) as stated above and dry ether was added. The resulting powder was
dried over KOH pellets in vacuo for 3 hr and then dissolved in DMF-DMSO (40 ml—20 ml) containing
Et,N (2.1ml). To this ice-chilled solution, the azide (prepared from 5.39 g of Z(OMe)-Tyr-NHNH, with
8.7 ml of 3.79 5 HCI-MDF, 2.23 ml of isoamylnitrite and 8.4 ml of Et;N) in DMF (30 ml) was added. The
mixture was stirred at 4° for 48 hr, the solvent was evaporated and the residue was treated with AcOEL.
The resulting powder was washed batchwisely with 10% citric acid and H,O and then precipitated from DMF
with AcOEt; yield 11.92 g (77%), mp 152—155°, [2]% —12.8° (¢=0.6, DMF), Rf; 0.88. Amino acid ratios
in an acid hydrolysate: Tyr 1.02, Lys 1.93, Gly 1.00, Glu 0.93 (average recovery 92%). Anal. Calcd. for
Ce;HpN,046-1/2H,0: C, 64.61; H, 6.31; N, 7.87. Found: C, 64.59; H, 6.10; N, 8.04.

Z(0Me)-Lys(Z)-Asn~Ala~OMe 7(OMe)-Asn—Ala-OMe*?  (6.86 g) was treated with TFA (14 ml)-
anisole (6 ml) in the usual manner. The deprotected peptide precipitated by ether as a fine powder was
dissolved in DMF (40 ml) containing Et,N (5 ml) and 7(OMe)-Lys(Z)-OTCP (9.39 g) was added. The
mixture was stirred at room temperature for 24 hr and the solvent was evaporated. The residue was treated
with AcOEt and the resulting powder, after washing batchwisely with 5%, citric acid, 5% Na,COz and H,0,
was recrystallized from CHCl; and AcOEt; yield 8.25 g (96%), mp 190—194°, [«]§ —13.5° (¢=0.5, DMF),
Rf, 0.65. Anal. Calcd. for CyHyyN5Oyp: G, 57.84; H, 6.42; N, 10.88. Found: C, 57.64; H, 6.34; N, 10.80.

Z(0Me)-Lys(Z)-Asn-Ala-NHNH, (II)—-To a solution of Z(OMe)-Lys(Z)-Asn—Ala-OMe (9.16 g) in
DMF (200 ml), 809 hydrazine hydrate (10 ml) was added and the mixture was kept on standing overnight.
After addition of H,O, the resulting gelatinous mass was collected by filtration, washed with MeOH and
precipitated from DMSO with MeOH; yield 5.37 g (60%), mp 201—205°, [a]2 —13.4° (¢=0.5, DMF), Rf
0.43. Anal. Caled. for C4H,N,0q: C, 55.97; H, 6.42; N, 15.23. Found: C, 56.19; H, 6.46; N, 15.15.

Z(OMe)-Phe-Lys(Z)-0Bzl 7(OMe)-Phe-ONP (6.31 g) was added to a stirred solution of H-Lys(Z)-
OBzl (prepared from 7.50 g of the tosylate with 2.9 ml of Et,N) in DMF (30 m1). After 24 hr, the solution
was condensed and the residue was treated with H,O. The resulting powder was washed batchwisely with
acid and base as mentioned above and recrystallized from CHCI; and ether; yield 7.20 g (75%), mp 152—155°,
[o]% —11.5° (c=0.4, MeOH), Rf, 0.49. Anal. Calcd. for CyoH N304 1/2H,0: C, 67.81; H, 6.42; N, 6.08.
Found: C, 68.06; H, 6.35; N, 6.17.

Z(OMe)-Leu-Phe-Lys(Z)-0Bzl 7(OMe)-Phe-Lys(Z)-OBzl (6.82 g) was treated with TFA (7.6 ml)-
anisole (3.2 ml) as usual and dry ether was added. The resulting powder was then dissolved in DMF (40 ml),
to which Et,N (1.4 ml) HOBT (1.35g) and Z(OMe)-Leu—~OPCP (5.44 g) were successively added. The
mixture was stirred at room temperature for 24 hr, the solvent was evaporated and the residue was treated
with ether. The resulting powder was washed batchwisely as stated above and then recrystallized from
THF and ether; yield 4.26 g (54%), mp 146—149°, [e]% —21.4° (c=0.4, DMF), Rf; 0.78. Anal. Calcd. for
CysH;N,O,: C, 67.99; H, 6.85; N, 7.05. Found: C, 67.86; H, 6.84; N, 7.15.

Z(OMe)-Thr-Leu-Phe-Lys(Z)-0Bzl- 7 (OMe)-Leu—Phe-Lys(Z)-0Bzl (3.91 g) was treated with TFA
(6 ml)-anisole (2 ml) as usual and dry ether was added. The resulting powder was dissolved in DMF (80 ml).
To this solution Et,N (0.7 ml) and the azide (prepared from 1.78 g of Z(OMe)~Thr-NHNH, with 3.5 ml
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of 3.79 x HCI-DMF, 0.89 ml of ispamylnitrite and 2.76 ml of Et;N) in DMF (25 ml) were added. The mixture
was stirred at 4° for 48 hr and then condensed. Theresidue was treated with AcOEt and the resulting powder,
after washing batchwisely as mentioned above, was precipitated from DMF with AcOEt; yield 3. 3lg (74%),

mp 159—161°, [a]3 —20.9° (¢=0.4, DMF), Rf, 0.82. Aunal. Calcd for C49H61N5011 1/2H O: C 65.02; H,

6.91; N, 7.74. Found: C, 64.82; H, 6.83; N, 7.51.

Z(OMe)-Thr—Leu—Phe-Lys(Z)-NHNH (v) To a solutlon of Z(OMe)——Thr—Leu—Phe—Lys(Z)—-Ole
(3.29 g) in DMF (100 ml), 80%, hydrazine hydrate (3.7 ml) was added. After standing overnight, the solution
was diluted with H,0 and the resulting mass, after washing with MeOH, was precipitated from DMF with
MeOH;; yield 2.47 g (81%), mp 209—214°, [«]3 —14.6° (¢=0.3, DMSO), Rf; 0.61. Aunal. Calcd. for CpHg,-
N;0y4: C, 61.52; H, 7.01; N, 11.96. Found: C, 61.22; H, 6.92; N, 12.43.

(OMe)-Leu-Val-OMe DCC (20.63 g) was added to a solution of Z(OMe)-Leu-OH (29.53 g) and
H-Val-OMe (prepared from 16.80 g of the hydrochloride with 14 ml of Et,N) in DMF (50 ml)~THF (100 ml).
After stirring at room temperature for 24 hr, the solution was filtered and the filtrate was condensed. Treat-
ment of the residue with ether afforded a powder, which was washed batchwisely as mentioned above and
then recrystallized from AcOEt and ether; yield 81.37 g (77%), mp 92—94°, [a]% —29.1° (¢=0.4, MeOH),
Rf, 0.83. Amnal. Caled. for CyyHg,N,O,: C, 61.74; H, 7.90; N, 6.86. Found: C, 61.76; H, 7.82; N, 6.72.

Z(OMe)-Leu-Val-NHNH,, (VI) To a solution of Z(OMe)-Leu-Val-OMe (12.77 g) in MeOH (200 ml),
80% hydrazine hydrate (16 ml) was added. After standing for 48 hr, the resulting mass was washed with
MeOH and then precipitated from DMF with 509, aqueous MeOH; yield 11.08 g (87%), mp 203—207°,
[¢]5 —4.6° (c=0.5, DMF), Rf; 0.67. Awnal. Caled. for Cy,H,,N,O;: C, 58.80; H, 7.90; N, 13.72. Found: C,
58.73; H, 7.71; N, 13.89.

Z(OMe)-Lys(Z)-Asn-Ala-Tyr-Lys(Z)-Lys (Z) - Gly - Glu (0Bz1)-0OBzl Z(OMe)-Tyr—Lys(Z)-Lys(Z)-Gly-
Glu(OBzl)-OBzl (I) (9.89 g) was treated with TFA (9 ml)-anisole (3 ml) in the usual manner and dry ether
was added. The resulting powder was collected by filtration, washed with ether, dried over KOH pellets
in vacuo for 3 hr and then dissolved in DMF (40 ml) containing Et,N (2.2 ml). To this ice-chilled solution,
Z(OMe)-Lys(Z)-Asn—Ala~azide (derived from 5.25 g of the hydrazide with 4.7 ml of 3.79 x HCI-DMF, 1.2 ml
of isoamylnitrite and 3.8 ml of Et,N) in DMSO-DMF (10 ml—40 ml) and the mixture was stirred at 4° for
48 hr. The solvent was evaporated and the residue was treated with AcOEt. The resulting powder was
washed batchwisely with 5%, citric acid, 5%, Na,CO, and H,O and then precipitated from DMF with MeOH;
yield 9.45 g (70%), mp 197—201°, [o]% —19.0° (¢=0.3, DMSO), Rf, 0.65. Amino acid ratiosin an acid hydro-
lysate: Lys 3.04, Asp 1.10, Glu 0.88, Ala 1.09, Tyr 1.00, Gly 1.00 (average recovery 83%). Aunal. Calcd. for
CosH19sN150,,-H,0: C, 62.10; H, 6.28; N, 9.88. Found: C, 62.13; H, 6.35; N, 10.02.

Z(OMe)-1le-Ile-Lys(Z)-Asn-Ala-Tyr-Lys(Z)-Lys(Z)-Gly-Glu(0Bzl)-0Bzl The above protected octa-
peptide ester (9.04 g) was treated with TFA (20 ml)-anisole (11 ml) in the usual manner and the deprotected
peptide isolated as stated above, was then dissolved in DMF (70 ml) containing Et,N (1.13 ml). To this
ice-chilled solution, the azide (prepared from 3.42 g of Z(OMe)-Ile-Tle-NHNH,2® (III) with 4.75 ml of
3.79~ HCI-DMF, 1.21 ml of isoamylnitrite and 3.72 ml of Et,N) in DMSO-DMF (10 ml—30 ml) was added
and the mixture was stirred at 4° for 48 hr. The solvent was evaporated and the residue was treated with
AcOEt. The resulting powder, after washing batchwisely as stated above, was precipitated from DMF with
AcOEt; yield 9.03 g (889%), mp 253—256°, [a]% —15.9° (¢=0.3, DMSO), Rf, 0.69. Amino acid ratiosin 3N
Tos-OH hydrolysate: Ile 0.85, Lys 3.04, Asp 1.01, Ala 1.08, Tyr 1.00, Gly 1.00, Glu 0.91 (average recovery
82%). In 6~ HClhydrolysate for 72 hr: Ile 1.72, Lys 8.14, Asp 1.04, Ala 1.05, Tyr 0.22, Gly 1.00, Glu 0.94
(average recovery 89%). Amnal. Calcd. for C,pH,;95N14054 1.5H,0: C, 62.00; H, 6.82; N, 10.12. Found:
C, 61.81; H, 6.66; N, 9.99,

Z(0OMe)-Asn-Ala~-Ile~Ile-Lys (Z) - Asn - Ala~Tyr - Lys (Z) - Lys (Z) - Gly - Glu(0Bzl) - 0Bzl The above
protected decapeptide ester (8.27 g) was treated with TFA (16 ml)-anisole (9 ml) in the usual manner and the
deprotected peptide isolated as stated above, was dissolved in DMF (50 ml) containing Et,N (1.2 ml). To
this ice-chilled solution, the azide (prepared from 2.48 g of Z(OMe)—Asn~Ala-NHNH,2? (IV) with 3.78 ml of
3.79N HCI-DMF, 0.97 ml of isoamylnitrite and 3.1 ml of Et,N) in DMF (30 ml) was added. The mixture was
stirred at 4° for 48 hr, the solvent was evaporated, the residue was treated with H,O and the resulting powder,
after washing batchwisely as stated above, was precipitated from DMF with MeOH; yield 8.05 g (89%),
mp 277—281°, [a]f —26.6° (c=0.4, DMSO), Rf, 0.66. Amino acid ratios in 3 N Tos—OH hydrolysate: Asp
2.36, Ala 2.29, Ile 1.06, Lys 3.38, Tyr 0.62, Gly 1.00, Glu 0.97 (average recovery 889%). A#nal. Calcd. for
CrorH15N1705,- H,0: C, 60.81; H, 6.73; N, 11.27. Found: C, 60.87; H, 6.60; N, 11.28.

Z(OMe)-Thr-Leu-Phe-Lys(Z)-Asn-Ala-Ile-Ile-Lys(Z)-Asn-Ala~Tyr-Lys(Z) - Lys (Z) - Gly - Glu (OBzl) - 0Bzl
The above protected dodecapeptide ester (5.45 g) was treated with TFA (10 ml)-anisole (5.6 ml) in the
usual manner and the deprotected peptide isolated as stated above was dissolved in DMF (30 ml) containing
Et;N (0.7 ml). To this ice-chilled solution, the azide (prepared from 2.44 g of Z(OMe)-Thr-Leu—Phe—
Lys(Z)-NHNH, with 1.74 ml of 3.79x HCI-DMF, 0.45 ml of isoamylnitrite and 1.38 ml of Et,N) in DMF
(18 ml) was added. The mixture was stirred at 4° for 48 hr, the solvent was evaporated and the residue was
treated with AcOEt and H,0. The resulting powder was washed batchwisely as stated above and then
precipitated from DMF with MeOH; yield 6.25 g (88%), mp 279—285°, [e]% —15.1° (c=0.3, DMSO), Rf,
0.66. Amino acid ratios in 3§ Tos~OH hydrolysate: Lys 8.97, Asp 2.41, Thr 1.00, Glu 0.93, Gly 1.02, Ala
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2.14, Ile 0.75, Leu 0.98, Tyr 0.99, Phe 1.03 (average recovery 96%). Anal. Caled. for CyyoH154N5505- HyO:
C, 61.43; H, 6.85; N, 11.26. Found: C, 61.35; H, 6.79; N, 11.31.
Z(OMe)-Leu-Val-Thr-Leu-Phe-Lys(Z)-Asn-Ala-Ile-Ile-Lys(Z) - Asn - Ala - Tyr - Lys (Z) - Lys (Z) - Gly - Glu-
(0Bzl)-0Bzl, Z(OMe)-(human f-endorphin 14~ 31)-0Bzl The above protected hexadecapeptide ester (5.00
'g) was treated with TFA (10 ml)—anisole (6 ml) as usual and the deprotected peptide isolated as stated above
was dissolved in DMF-DMSO (30 ml—10 ml) containing Et;N (0.3 ml). To this ice-chilled solution, the
azide (prepared from 1.13 g of Z(OMe)-Leu—Val-NHNH, with 1.60 ml of 3.79 x HCI-DMF, 0.41 ml of isoamyl-
nitrite and 1.27 ml of Et,N) in DMF (10 ml) was added. After stirring at 4° for 48 hr, the solvent was eva-
porated, the residue was treated with AcOEt and H,O and the resulting powder, after washing batchwisely
as stated above, was precipitated from DMSO with MeOH; yield 4.89 g (91%), mp 306—312°, [«]7 —19.2°
(¢=0.3, DMSO), Rf; 0.67. Amino acid ratios in 3§ Tos-OH hydrolysate; Lys 4.14, Asp 2.30, Thr 1.01, Glu
0.93, Gly 1.00, Ala 2.03, Val 0.87, Ile 0.79, Leu 1.88, Tyr 0.97, Phe 1.06 (average recovery 94%). Anal.
Caled. for CypyHogaNpyOge4H,0: C, 60.38; H, 7.11; N, 11.19. Found: C, 60.17; H, 6.71; N, 11.32.
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